We develop the model where the correct description of particle physics in the TeV energy scale needs to account for degrees of freedom obeying the conformal invariance. In this respect, the existing of Georgi's unparticles is strongly argued. We present the gauge model of scalar unparticles. The ground state of the scalar unparticles staff Å the scalar un-Higgs, which is a dipoleˇeld Å in the continuum is restricted by the vacuum expectation value of the Standard Model (SM) Higgs boson and the noncanonical scaling dimension d of the unparticle staff.
PACS: 11.10.Cd; 11.15.Ex 1. The unparticle phenomenon [1] and several points concerning unparticle phenomenology have been widely overlooked in the literature (see, e.g., the references in [2] ). However, to the author's opinion, a set of matter things has not been settled in a way suitable to more better understanding of the subject. This letter is an attempt to clarify the unparticle nature in gauge theories, e.g., within the invariance under gauge transformation of the second kind. A gauge model of unparticles contains the criteria relevant to the SM pattern, however, to keeping in mind noncanonical scaling dimension of the unparticle staff.
In general, a conformal theory is the one where there is an exact scale invariance (apart from more technical aspects). We have to deal with the theory so that predictions are possible in case this theory is renormalizable. The Higgš eld is necessary to guarantee the renormalizability. On the other hand, at high energies, the Higgsˇeld can weakly interact with a hidden scale-invariant sector realized through the unparticles staff which would be relevant since we do hope to observe the Higgs particle in an experiment. The Higgsˇeld can serve as a portal to a hidden sector of the SM matter.
We suppose the effectiveˇeld theory (EFT) containing a hidden sector lying beyond the SM. The hidden sector is modeled using an arbitraryˇeld operator O(M ) on the running mass scale M in interaction with a heavy state that may occur in the ultraviolet (UV) region at high scale Λ Λ SM , where Λ SM ∼ O(v) with v 246 GeV being the vacuum expectation value (v.e.v.) of the Higgsˇeld in the SM. The simplest form of the relevant Lagrangian density (LD) is 
Weˇnd that the behavior of the un-Higgsˇeld is compatible with that of a dipoleˇeld. The model is looked as aˇrst attempt to start with an effective Lagrangian at energies E covering the region between the IR scaleΛ U and the UV scale,Λ U < E < Λ U . To our knowledge, irrespective of the validity of the conjecture of references (see, e.g., the references in [2] ), a discussion concerning the unparticle states of dipoleˇeld models with the dimension d is lacking in current literature. In this letter we give a positive contribution to this direction by making use of the standard Lagrangian approach to quantumˇeld theory.
2. We start with the effective
where
In formulas (2) and (3), [3] operator (massless fermions case). Hence, the UV sector is coupled to SM through the exchange of messengerˇelds with large mass scale M U . b) Λ U scale: assume that unparticle sector becomes conformal at Λ U < M U , and couplings to SM preserve conformality in IR region that gives the operator form
Thus, when the Higgsˇeld accepts its v.e.v., the operator a|H| 2 O U brings a scale (occurrence of a tadpole term in L 2 (3)). A sector of unparticle staff leaves the conformal-ˇxed point and a theory becomes nonconformal-invariant at the scaleΛ U below which the unparticle staff transforms into a standard particle sector.
One can conclude that unparticle physics is only possible in the conformal window. However, the width of this window depends on d,Λ U , Λ U , M .
The nature of unparticle staff is unknown, and toˇnd the nontrivial result, in particular, to get the v.e.v. of unparticle staff, we suggest to follow the following scheme:
For the structure of O U operator we choose the approach with the inˇnite tower of N scalars φ k (k = 1, 2, . . . , ∞) [4] 
where φ k are characterized by the mass squared m
with new coefˇcients ξ and b in zero mass units. The minimization equation for φ kˇe lds looks like at
It is evident from (6) that the interaction term a|H| 2 O U in (3) with a = 0 ensures
where in accordance with the scale invariance, the spectral density
On the other hand, ρ 0 (m 2 ) is expressed in the form:
where the sum is over all relativistic states |ω normalized by relativistic manner.
From (8) and (9) 
l is the infrared regularized (IRR) mass square (mass gap), induced by interaction |H| 2 O U in the unparticle continuum.
The gauge un-Higgs model is naturally obtained of itself by considering the LD (2) which is invariant under the transformations
with Λ >Λ U and β U = 1 is closely related to a model introduced in [5] in a study of the Higgs phenomenon, from which the present model is distinguished by coupling to un-Higgs staff. Obviously, the hidden parameter
Toˇnd a solution we introduce the realˇelds ψ and
2)(σ +ψ −i χ), where (Ω, χΩ) = 0, (Ω, (σ +ψ)Ω) = σ = 0, and Ω is the vacuum. In terms of new realˇelds ψ and χ, the LD (2) of the order eσ and λσ becomes
The equations of motion lead to the dipole-type equation
which means that the scale-invariant particle staff is almost massless. The spectrum of the model consists of the unparticle stuff and massive bosons:
where theˇeld B μ obeys (∇ 2 + m 2 )B μ = 0, ∂ μ B μ = 0, and [B μ (x), χ(y)] = 0.
5. In summary, we have presented the gauge model of scalar unparticles. From the phenomenological point of view, the most physical motivated way to explore the unparticle sector is the interaction with the Higgsˇeld operator |H| 2 .
We have clariˇed how the scale-invariant self-coupling ξ generates the mass gap squared m 2 IRR = b v 2 − ξ σ 2 for unparticles that acts as an infra-red cutoff to give a nonzero σ = O .
The new dipole-type behavior of the propagator for the un-Higgsˇeld has been carried out (a ghost-likeˇeld) in the energy regionΛ U < E < Λ U . Moreover, the vectorˇeld becomes massive.
The behavior of (19) is the most general and compelling argument in favor of the (free) energy of un-Higgsˇeld.
